G ünter Klar
In stitu t für A norganische und A ngew andte C hem ie der U niversität H am burg, M artin -L u th er-K in g -P latz 6 First examples of cobalamines with / '-bonded /?-axial ligands were prepared from aquacobal amine and trifluorophosphane (1) in m ethanol as solvent [1] . M ethanolysis as well as hydrolysis o f the coordinating ligand gave (fluoro-methylphosphito-/'-) (la ) and (dimethylphosphitof^-cobalam ine (2a). The latter was also obtained using trimethylphosphite (2) .
Synthesis of (phosphito-.P)-cobalamines starting from aquacobalam ine and triorganyl phosphites, P(OR)3, gave new cobalam ine derivatives with /?-axial ligands [P (0R 2)(0)]~ [2] when m ethanolys is was prevented. Only one cobalam ine was isolat ed with a non-hydrolyzed phosphito ligand, i.e 4-ethyl-1,3,2-trioxa-1 -phospha-bicyclo[2,2,21-octane (3). UV-VIS spectroscopic studies on the coordination of 3 to cobalam ine were also report ed [3] , In this paper we present new cobalam ine deriva tives, received from the reactions o f aquacobalam ine with phosphonites, PR '(O R )2, and phosphinites P R '2(OR). The ligands used were dimethyl-(4) and diphenyl-phenylphosphonite (5), and methyl diphenyl phosphinite (6) leading to complexes with the anionic ligands [P P h(0R )(0)]" (R = Me, Ph) and [P(0)Ph2]~. C obalam ine derivatives with these ligands have not been reported until now, even though the corresponding cobaloxime com plexes are known [4] , * S onderd ru ck an fo rd eru n g en an D r. S ig rid u r Jö n sd ö ttir.
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The ligands were chosen for the following reasons: -The phosphonite PR '(O R )2 represents a prochir al ligand. When coordinated to the chiral cobal amine moiety, its hydrolysis to [PR'(OR)(0)]~ should give two diastereomers. -Even though cobalt(III) complexes containing triphenylphosphine are well know, (triphenylphosphine-Z^cobalamine has not been isolated [5] , Since the cobalt atom of the cobalam ine is to some degree shielded by the side groups o f the corrin ring, steric interactions between these groups and the ligand might prevent its coordination. There fore, it was interesting to study the coordination behaviour of PPh2(OR) and/or [PPh2(0)]~.
Experimental

M aterials
Aquacobalamine acetate, dimethyl-and diphenylphosphonite and methyl diphenylphosphinite as well as carboxy methyl cellulose (CM C) and Amberlite XAD-2 for the column chrom atography were commercially available. All solvents used were analytical grade except dimethyl formamide which was distilled before use. Bidistillated water was used throughout and all reactions and m ani pulations were carried out under minimal expo sure to light.
Instrumental
The 1H a n d 31 P {'H }N M R spectra were obtained at 298 K on an AM 360 Bruker spectrometer. In addition to the internal D 20 lock, chemical shifts were related to external TMS and 85% H 3P 0 4 standards, respectively.
The U V -V IS spectra were recorded using 1 cm cells at 298 K on a Perkin-Elmer 554 spectrometer.
Paper electrophoresis was done in 0.5 M acetic acid (pH 2.5) using electrophoresis paper nr. 2020 b and 2043 b o f Schleicher and Schuell. For the quantitative electrophoresis, cardbord nr. 2727 was used. The R, values are referred to cyanocobalamine (R, = 0.0) and aquacyanocobinamide (Rf= 1.0), respectivly.
Paper chromatography was done in water satur ated sec. butanol. The R f values are referred to cyanocobalamine {Rt■ = 1.0).
Synthesis o f compounds [ M eth yl (phenylphosphonito )-P ] cobalamine
Dimethyl phenylphosphonite (0.2 g, 1.2 mmol) in 10 ml m ethanol was slowly add ed to a stirred solution of aquacobalam ine ace tate-13H20 (0.3 g, 0.19 mmol) in 60 ml methanol. After 16 h the solvent was removed under reduced pressure, the residue dissolved in water and ex tracted with ether. The aqueous solution was given onto an Amberlite XAD-2 column where the cob alamines adsorbed on the column were washed with water and then eluted with methanol. By chrom atography on CM C in the H-form the prod uct was separated from unreacted aquacobalamine by eluting the latter with 0.2 M acetic acid. The product could be eluted by 0.1 M HCI and the acid washed off by using an Amberlite XAD-2 col umn. Crystallization from water/acetone gave 200 mg (0.12 mmol, 60% yield) of light red needles. The product could also be obtained in D M F as a solvent.
/^ values: 0.7 (electrophoresis), 1.3 (paper chro matography). [ Phenyl (phenylphosphonito ) -P ] cobalamine (5a): Diphenyl phenylphosphonite (0.2 g, 0.7 mmol) was given to a solution o f aquacobalam ine acetate (0.34 g, 0.2 mmol) in 60 ml D M F and stirred for 48 h. W ork up was as described above with the exception that instead of chrom atography on CM C, the product was isolated by preparative electrophoresis in 0.5 M acetic acid. The acid was washed off by using an amberlite XAD-2 column and the product eluted with methanol. According to electrophoresis and paper chrom atography the product was pure. Yield 60 mg (17%). ( DiphenyIphosphinito-P) cobalamine (6 a): M eth yl diphenylphosphinite (0.4 ml, 2.2 mmol) was given to a solution of 250 mg (0.15 mmol) aquacobalam ine acetate in 50 ml methanol and stirred for 48 h. W ork up was as described above. Crystallization from ethanol/ether gave a yellow/ brown am orphous precipitate which was centri fuged. After washing with ether the substance was dried in vacuo. According to paper electrophoresis and paper chrom atography the product was pure.
Rf values: 0.75 (electrophoresis), 1.5 (paper chromatography). The reaction of aquacobalam ine with the phosphinite 6 only occurred in m ethanol as a solvent whereas in D M F the unreacted aquacobalamine was isolated. The existence o f 6 a proves that in contrast to PPh3 the ligand [PPh2(0)]~ can be coordinated to the corrin moiety. This can be explained by steric effects, but it should also be considered that ligands with the charge of 1 -, as compaired with neutral ligands, form uncharged cobalamine complexes with relatively high form a tion constants [6] .
Methanolysis o f the coordinated ligands was discussed for the reaction of trifluorophosphane (1) leading to l a and 2a [1] , but the possibility. that the free ligand might as well undergo m ethanolysis prior to coordination, should not be exclud ed. However, the hydrolysis of the coordinated li gands is more likely, since the hydrolyzed ligand would preferably coordinate to the Co atom via the oxygen atom [7] , In Fig. 1 Table I . a N um bering o f ato m s according to [9] ; b an assignm ent o f these signals is not possible, b u t their intensity co rre sponds to 6 p ro to n s ;c signals are at 6.448, 6 .427 an d 6.409 ppm as well as at 6.590, 6.569 ppm , equivalent to 3 p ro to n s, two o f which should be assigned to the co b alam in e m oiety. A ssignm ent can not be accom plished (refer to Fig. 2) ; e signals overlap w ith the ligand signals and assignm ent can not be accom plished (refer to Fig. 3 ). Two signals appear at 3.17 and 2.88 ppm in an 1:2 ratio for the protons of the methoxy group of 4 a with a total intensity corresponding to three protons. These are assigned to the two diastereomers. The results show that the reaction is to some extent stereoselective. At the same time they also prove the hydrolysis of the ligand, because a non hydrolyzed ligand would give two signals of equal intensity.
The chemical shifts o f the methyl groups and the high-field protons o f the cobalam ine moiety are given in Table II . For every group two or more sig nals appear, which can only be explained assuming that there are diastereomers.
The 3IP{'H} N M R spectra of the complexes in D 20 show signals for the phosphodiester and the ligand [10] . F or both 4 a and 5a two ligand signals were found and again assigned to the two diaster eomers (Table III) . For 4 a the ratio between the two signals in D 20 as well as in aqueous DC1 solu tion at pH 1.0 is 1:2 which is in good agreement with the 'H N M R spectra o f the substance con firming the optical induction. The line width of these signals is ca. 150 ppm, an effect caused by the quadrupole m om ent of the cobalt atom and prov ing the P-coordination of the ligand. This is in contrast to the sharp signals of the phosphodiester group. The phosphodiester signal in pure water was assigned to the base-on and the signal in the aqueous DC1 solution to the base-off form o f the nucleotide base. This was confirmed by the U V -V IS spectra [1] .
The ligand signals o f 5 a show that one of the diastereomers is predom inantly formed too, but the stereoselectivity o f the reaction is not as clear as for 4 a. Whereas the diastereomeres of 4 a and 5 a could be distinguished by 'H and 3IP N M R spectrosco py, a separation by means of electrophoresis or paper chrom atography was not possible. Since the dom inating part of 4 a and 5 a is the large corrin moiety, it is not surprising that their mobility does not depend on the conform ation of the relatively small ligands [P P h(0R )(0)]_.
The U V -V IS spectra o f 4 a and 5 a depend on the pH value of the solution and show a pH -dependent equilibrium giving an isosbestic point at approxim ately 482 nm (Fig. 4 and Table  IV ). The y-bands at 366 and 367 nm, respectively, indicate a 7r-back donation from the cobalt ion to wards the phosphorus atom s of the ligands [12] which reduces the electron density on the cobalt atom.
The spectrum of 6 a in water indicates a 5-coordinated cobalt(III) ion (base-off form), the y-band o f this corrin species lying at 344 nm [13] . Except for the band at 285 nm of the protonated nucleotide base in acid solution (p H < 1.5) [1] the spectra hardly show pH-dependence. In contrast to the ligands [P P h(0R )(0)]" of 4 a and 5a, the electron donation of the ligand [P(C6H 5)(0 )]_ ap pears to compensate the back bonding o f the co balt ion to the phosphorus atom thus weakening the bonding o f the benzimidazole to the cobalt atom. The 3IP{'H} N M R spectra confirm these re sults. Relative to 4a and/or 5a the -^P^H} N M R value for the phosphodiester of 6 a is shifted to higher field (Table III) indicating that the torsion angle o f the phosphodiester R -O -P -O -R group [14] of the nucleotide loop of 6 a is larger than that of 4 a and 5 a.
